Edema is defined as a palpable swelling caused by an increase in interstitial fluid volume. Leg edema is a common problem with a wide range of possible causes and is the result of an imbalance in the filtration system between the capillary and interstitial spaces. Major causes of edema include venous obstruction, increased capillary permeability and increased plasma volume secondary to sodium and water retention. In both hospital and general practice, the patient with a swollen leg presents a common dilemma in diagnosis and treatment. The cause may be trivial or life-threatening and it is often difficult to determine the clinical pathway. The diagnosis can be narrowed by categorizing the edema according to its duration, distribution (unilateral or bilateral) and accompanying symptoms. This work provides clinically oriented recommendations for the management of leg edema in adults.
Introduction
Edema is defined as a palpable swelling due to an increase of fluid volume in the interstitial space. The management of a patient with edema should be based on epidemiology, past medical history and physical examination, as shown in the flow chart (Figure 1 ), in order to clarify the etiology and the diagnosis. Furthermore, advice and criteria should be proposed to stratify the clinical risk and guide the decision to hospitalize.
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Physiopathology
Fluid retention could be determined both by a capillary leak with fluid translocation to the interstitial space and renal re-absorption of water and sodium (either introduced by oral intake or infusion), causing an endocrine mechanism of salt retention.
Nevertheless, if the pathogenesis of the edema is primarily due to hydro-saline retention, the fluid overload tends to be both intra and extra-vascular (the socalled overfilling, typical of primary nephropathies).
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Pathogenesis
The fluid movement across the capillary membrane is the result of a balance between hydrostatic and oncotic pressure, according to the Starling equation:
where: A is the net filtration (total fluid movement); B is the permeability coefficient (porosity); C is the capillary surface area; D is the hydrostatic pressure; E is the oncotic pressure; F is the capillary hydrostatic pressure; G is the interstitial hydrostatic pressure; H is the capillary oncotic pressure; I is the interstitial oncotic pressure; L is the reflection coefficient (depends on permeability to protein: 0 = free permeability, 1 = complete non permeability). As a consequence, edema can be secondary to: 5 
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-Role of hydro-saline retention mechanisms (activation of RAA, ADH and sympathetic nervous system):
hydro-saline retention should be considered in many cases as a compensatory response to volume depletion but sometimes can be related to primary renal dysfunction. The complexity of these endocrine interactions is well described in some pathologic conditions, such as liver and heart failure.
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-Increased pulmonary capillary hydrostatic pressure: this condition could be determined by a circulatory fluid overload (heart and/or renal failure), partial or complete venous obstruction (deep vein thrombosis, liver cirrhosis).
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-Reduced capillary oncotic pressure: capillary oncotic pressure is reduced in all cases of hypoproteinemia and/or dysproteinemia, such as urinary protein loss and impaired protein synthesis in chronic liver diseases.
-Increased capillary permeability: this is the case of skin burns, therapy with interleuchin-2 recombinant protein or other endothelial vascular growth factors, circulating cytokines abnormalities as in adult respiratory distress syndrome and severe malnutrition.
Etiology
Venous (or lymphatic) drainage obstruction
In these conditions, the hydrostatic pressure raises in the capillary segment above the obstruction. Therefore, fluids move from vascular to extra-vascular space.
Examples are thrombophlebitis and deep vein thrombosis. In the venous insufficiency, the underlying mechanism is the same, with increased fluid translocation to interstitial space as a consequence of venous stasis and increased pressures.
Reflex sympathetic dystrophy (RSD) should be suspected when leg edema is associated with pain. Lymphedema could be secondary to pelvic malignancy, infections, radiotherapy, lymph nodes excisions. In contrast, primary edema is a rare condition and may be congenital, early and hereditary.
Inflammatory edema
This condition is determined by an increase of vascular permeability to plasmatic proteins. It may 
Pulmonary hypertension
There are several causes of pulmonary hypertension (heart failure, chronic lung diseases, etc.); however, the pathogenesis of edema is always related to an impaired right ventricular output leading to an increase in right ventricular diastolic pressure and fluid movement to the interstitial space.
Other causes of hypoproteinemia
Other causes of hypoalbuminemia are severe malnutrition (including eating disorders), protein losing enteropathies, malabsorption.
Endocrine, hormonal and gynecologic causes
Edema may be caused by several endocrine alterations, among which increased levels of glucocorticoids and mineralocorticoids (hydro-saline retention), thyroid dysfunction (vascular dysfunction in hyperthyroidism causing pretibial edema, while myxedema in hypothyroidism is mainly due to accumulation of glycosaminoglycan in the dermis), ovarian hyper-stimulation syndrome (in vitro fertilization), obesity (association with venous insufficiency, lymphedema, obstructive sleep apnea syndrome, and idiopathic edema). Hormonal factors are responsible of premenstrual and pregnancy edema, as well as in pre-eclampsia.
Drug-induced edema
Several drugs can potentially lead to edema through different mechanisms (renal vasoconstriction, arteriolar dilation, capillary damage, sodium reabsorption, etc.).
Idiopathic edema
This syndrome affects almost only women, in particular in the second and third decades; it is characterized by periodic edema without any association with the menstrual cycle.
Diagnosis
Venous insufficiency is the most common cause of peripheral edema in people aged >50 years, while in women <50 years the etiology is often idiopathic. 
Epidemiology
The accurate prevalence of different etiologies, is not definitely stated in the literature. However, we divided all causes in common, less common and rare (Table 1) .
Medical history
Past medical history and presenting complains are very useful to guide the diagnosis, in particular: i) presenting symptoms/duration; ii) pain; iii) concomitant medical conditions; iv) past medical history of surgery, radiotherapy, pelvic cancers; v) medications (Table 2) .
Physical examination
Physical examination is extremely relevant to collect information and formulate the differential diagnosis. For this purpose, it is important to assess (Table 3) : i) edema distribution; ii) pitting features; iii) skin changes; iv) measurement of venous pressure; v) signs of localized diseases; vi) signs of systemic diseases; vii) signs of pelvic obstruction.
Laboratory tests
Firstly, common laboratory tests could be useful to detect systemic diseases (full blood count + leukocytes formula, electrolytes, creatinine, glycemia, albumin, thyroid functioning tests, urine exam); subsequently, second-line tests should be performed, depending on the clinical suspicion: i) deep vein thrombosis: D-dimer; ii) heart failure: NTproBNP; iii) liver failure: alanine transaminase, aspartate aminotransferase, total and fractioned bilirubin, haptoglobin, prothrombin time, plasmatic albumin; iv) renal failure: complete urine analysis (sediment, 24 h proteinuria), lipids profile.
Other diagnostic tests
Depending on the most likely diagnosis (Figure 1 ), further diagnostic tests are advised.
Venous insufficiency edema Deep vein thrombosis
Deep vein thrombosis (DVT) is one of the most common cause of peripheral edema.
Usually it affects only one side, but rarely might be bilateral. A DVT presents with leg edema in 90% of the patients, while pain and redness are not demonstrated to be positive predictors. In contrast, increased temperature in the affected leg (>37.5°C) has shown to be a negative predictor of DVT (odds ratio 0.34; P=0.003). 16 Probability of DVT is also related to risk factors, such as cancer [likelihood ratio (LR)=2.71], previous episode of DVT (LR=2.25), reduced mobility (LR=1.98), recent surgery (LR=1.76). 17 Although o n l y a single clinical factor cannot accurately predict the diagnosis of DVT, the complete clinical history (summarized in the Wells score) should be used to predict the pre-test probability (Table 4) . 18 D-dimer positivity increases the probability of DVT independently from the clinical risk group, but is not diagnostic. 19 However, D-dimer does not rule out the diagnosis in patients with intermediate or high risk (respectively, the probability of DVT is 8.6% and 1%), while in patients with low risk it allows to exclude the diagnosis without further investigations (Figure 2) . 19 Patients at high risk should undergo a compressive venous ultrasound (CUS) as first line investigation. A positive result confirms the diagnosis, while a negative test has to be followed by a negative D-dimer and sometimes other tests (Figure 2) . 20 If the d-dimer is positive, either CUS should be repeated in 3-7 days or a phlebography.
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Compression ultrasound: accuracy in Accidents and Emergency Room DVT is a common presentation complain in Accidents and Emergency Room (A&E). Therefore, CUS is often performed by emergency healthcare professionals, in order to reduce the time to diagnosis. A systematic review 22 compared a CUS performed in A&E setting and an ultrasound performed by skilled operators, concluding that diagnostic accuracy of DVT does not significantly differ (sensibility 96.1%; specificity 96.8%).
Hospitalization criteria
A Cochrane review showed that recurrence of venous thromboembolism is lower if patients are treated at home (recurrence rate 0.61; P=0.013), without any Approach to leg edema o n l y differences in terms of mortality and/or bleeding. 23 In particular, home treatment is safe and effective in patients with: 21 i) not complicated DVT (if not: contraindications to anticoagulation therapy, history of heparin induced thrombocytopenia, iliac-femoral vein DVT/phlegmasia, pregnancy); ii) normal cardio-respiratory functional reserve; iii) not high risk of bleeding; iv) creatinine clearance >30 mL/min.
Chronic vein insufficiency
Edema is one of the clinical presentation signs of venous insufficiency; other symptoms include pain, itching, feeling of heaviness in the legs, cramps (especially during the night), while the most common signs are varices, skin changes up to ulcerations. The swelling is typically worsened by the standing position (therefore, it is usually more severe in the evening. 24 In 1994, it was established the CEAP system, 25 in order to stage the disease in relation to clinical presentations (C), etiology (E), anatomic distribution (A) and physiopathology (P).
Doppler-ultrasound may confirm the diagnosis and is useful to determine the anatomy of the reflux, the origin, the course and the re-entry point, in order to plan the surgery. In addition to this, ultrasound allows to differentiate the post-thrombotic syndrome with residual thrombotic material from primary venous insufficiency. 26 Although CEAP system is an excellent classification method, it is not very handy to quantify the severity of the disease. In this regard, the Venous Clinical Severity Score was created in 2000, in order to assess the severity and compare the outcome of homogenous groups of patients.
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Hospitalization criteria
Hospitalization should be limited to patients with ulcer infection and complications, either local or systemic.
Reflex sympathetic dystrophy
Reflex sympathetic dystrophy should be investigated when leg edema is associated with pain. In fact, RSD is a chronic neurologic disorder affecting the extremities and causing severe disability. It is usually preceded by a trigger (trauma, upper or lower extremities surgery, malignancy, pregnancy, osteogenesis imperfecta), even though the symptoms are disproportionately severe and can affect more than one innervation territory of a peripheral nerve. 29 then reviewed in the following years and subsequently replaced by the Budapest criteria (sensitivity 99%, specificity 68%).
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Lymphatic obstruction Lymphedema
Lymphedema is usually localized to upper or lower extremities due to impaired local lymphatic drainage 31 with a fluid overload and increased interstitial lymphatic volume and is very common after breast cancer surgery. 32 Symptoms include non-painful swelling and a feeling of heaviness that worsens with warm temperature, pitting edema followed by subcutaneous fibrosis and hard edema, skin changes and venous stasis pigmentation (brownish skin discoloration), hyperkeratosis, papillomatosis. Skin may also crack and lymph leak, leaving the skin vulnerable to bacterial infection and worsening the lymphatic drainage, thus creating a vicious circle.
Diagnosis
The diagnosis is based on bilateral assessment of leg swelling through the Leg-O-Meter, 33 ultrasound, lymphoscintigraphy, computed tomography (CT) and magnetic resonance imaging (MRI).
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Treatment
The aim is to reduce the progression of the disease, the size of the affected extremities, the symptoms and the risk of infection.
31
Conservative: skin care, lymph drainage, compressive stocks.
Drugs: flavonoids (effective in the venous stasis) Surgery: de-bulking or bypass procedures should be considered only if other therapies have shown not to be effective and if the venous system is patent, continent and the lymphatic system is functioning properly.
Classification of lymphedema
Primary lymphedema: caused by congenital abnormalities of lymphatic structures.
Secondary lymphedema: due to many causes, such as malignancies, traumas and infections.
Malignancies
Malignancies include: i) pelvic cancers causing local bulky; ii) metastatic infiltration: melanoma, 34 prostatic, testicular 35 or penile cancer, 36 gynecologic tumors 37 or intestinal lymphomas; iii) vascular malignancies: angiosarcoma, often secondary to chronic post-mastectomy lymphedema, also known as Stewart-Trevers syndrome.
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Traumas
Lymphedema can occur after local mechanic traumas (domestic or road accidents, burns, etc.) or can be secondary to: i) general surgery, especially after extensive lymph nodes excision (pelvic or paraaortic) 37 and actinic fibrosis post-radiotherapy; ii) vascular surgery (venous or arterial): lymphedema could be present in more than 60% of people who underwent surgery for varices, both because the lymphatic impairment is common in venous insufficiency but also because of a direct lesion of lymphatic ducts; 39 iii) Baker's cyst rupture; 40 iv) podoconiosis (non-filarial endemic elephantiasis) is common in tropical areas of Africa and India, usually in people walking with bare foot. It is related to repeated skin micro-traumatisms by alkaline irritants in the soil (silica or beryllium).
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Soft tissues infection
This condition might present in several different ways, ranging from very mild to severe and fatal infection. 42, 43 The severity mainly depends on: i) depth of the affected tissue; ii) host immune system; iii) pathogen responsible of the infection.
The empiric antibiotic therapy for mild to moderate infections should be: penicillin, cephalosporins (I-II generations), macrolides, clindamycin (A-I). Community-acquired methicillin resistant Staphylococcus aureus (MRSA) might often be susceptible to clindamycin or co-trimoxazole and fluoroquinolones; instead community-acquired MRSA infections might be resistant to clindamycin and should be treated with vancomycin, linezolid, daptomycin or telavancin.
In severe infections and in hospital-acquired MRSA that are usually multi-resistant to erythromycin, clindamycin and fluoroquinolones, the first-line empiric therapy includes vancomycin, teicoplanin, linezolid, daptomycin (A-I), tigecycline. 
Impetigo and cutaneous abscesses
Usually painful, fluctuant, erythematous lesion with a pustule on the top. It is often poly-microbial and may necessitate an incision and pus drainage (A-I).
Erysipelas
Infection of the upper dermis and lymphatic vessels, usually caused by β-hemolytic Streptococcus. The diagnosis is made by clinical finding of a wellcircumscribed erythematous lesion with a typical raised edge.
Cellulitis
The lower dermis and subcutaneous fat are involved. Cellulitis is characterized by skin erythema with peau d'orange appearance (caused by lymphangitis and regional lymphadenopathies) and increased temperature. The pathogen might be a β-hemolytic Streptococcus, S. aureus and less frequently Pseudomonas.
Necrotizing fasciitis
It involves the muscles and fascial compartments (upper fascia and all the anatomic structures between the skin and the muscles).
Commonly secondary to superficial infections or infection deriving from skin lesions (80%) secondary to trauma or surgery (e.g., abdominal surgery, penetrating abdominal trauma, pressure ulcers, perianal or genital abscesses, drugs injection sites).
Pathognomonic signs and symptoms are intense and continuous pain, bullous lesions, skin necrosis or pre-necrotic ecchymosis (due to obstruction of deep vessels), subcutaneous emphysema, subcutaneous tissue induration, reduced skin sensation, gangrene, skin discolorations, signs of systemic involvement despite antimicrobial therapy, such as fever, lethargy, confusion, hypotension (systemic inflammatory response syndrome criteria).
Pathogens: Streptococcus pyogenes, S. aureus, Vibrio vulnificus, Aeromonas hydrophila, anaerobic streptococci, anaerobes, intestinal flora.
The diagnosis is based on clinical features, ultrasound findings of subcutaneous thickening with hypoechoic areas of fluid and gas material; CT or MRI can also be useful to assess the extension of the lesions. The finger test consists in the incision of the lesion, aimed to obtain a sample for culture test and/or biopsy (common findings are brown exudate, increased texture of the fascia, necrotic areas).
Therapy: i) surgery: debridement; ii) antibiotics: ampicillin (A-III), ampicillin/sulbactam + clindamycin + ciprofloxacin (A-III) clindamycin and penicillin (A-II) for group A streptococci, metronidazole for anaerobes, carbapenem.
Animals bites
These lesions are usually caused by Pasteurella and Staphylococci.
Therapy: amoxicillin/clavulanic acid, fluoroquinolones + clindamycin, co-trimoxazole + clindamycin.
Filariasis
It is a helminthic infection, endemic in some tropical areas. Antibiotic therapy (doxycycline) may be helpful. 45 
Hospitalization criteria
Patients should be hospitalized when they are critically ill (signs of severe systemic involvement are hypotension, oliguria, tachycardia, dehydration, neurological deficit) or presenting with significantly altered blood tests (renal and/or liver failure, severe leukocytosis with neutrophilia) or when is necessary to define the etiology through aspiration, incision or drainage. Alert signs are severe pain difficult to be controlled with analgesics, skin lesions such as purple or hemorrhagic bullae, petechial lesions, skin hypoesthesia, gas content in the soft tissue.
Generalized edema
Generalized edemas include: i) heart diseases; ii) liver diseases; iii) renal diseases ( Figure 3 ).
Heart diseases
Edema occurs when venous pressure is increased, leading to hydrostatic pressure to raise; this process may be secondary to several heart diseases. For instance, hypertensive cardiomyopathy, coronary artery disease and left sided valvulopathies tend to affect the left heart function leading to pulmonary edema, while the typical right sided failure (cor pulmonale) is characterized by peripheral edema and ascites. Nevertheless, some cardiomyopathies affect both left and right side, and sometimes the symptoms are overlapping. For instance, in pulmonary edema the increased ventricular tele-diastolic pressure is transmitted retrograde to the pulmonary veins and capillaries, raising the pulmonary pressure from normal values of 5-12 mmHg up to 18-20 mmHg (backward hypothesis). Similarly, in the heart failure with reduced left ventricular function, the hypoperfusion induces an increase of the sympathetic tone and renin-angiotensin-aldosterone system, rising the hydro-saline retention, vascular resistances and cardiac inotropism (forward hypothesis). However, these compensatory mechanisms become gradually ineffective to maintain the cardiac output, unless an expansion of plasmatic volume and filling pressures, thus contributing to the genesis of edema. 46, 47 Hospitalization criteria: 48 -Patients should be hospitalized if any of these conditions occur: i) severe heart failure (hypotension, worsening of renal function, confusion); ii) dyspnea at rest (SO 2 <90% with FiO 2 21%; tachypnea); iii) hemodynamically unstable arrhythmias; iv) acute coronary syndrome. -Hospitalization should also be considered in case of: i) worsening of congestive heart failure symptoms (even without dyspnea or weight gain); ii) electrolytes disturbances; iii) comorbidities (pneumonia, pulmonary embolism, diabetic ketoacidosis, transient ischemic attack/stroke); iv) multiple intracardiac devices shocks; v) first episode of heart failure.
Liver diseases
Fluid retention in liver cirrhosis is related to portal hypertension (>12 mmHg) and increased pressure in the sinusoids. In the physiopathology, both the portal vein obstruction and the splanchnic vasodilation are demonstrated to be involved. In fact, the liver cirrhosis is characterized by hyperdynamic circulation, reduced vascular resistances and mean blood pressure and higher cardiac output. The underlying mechanism is a portal-systemic shunt, through collateral pathways and release of vasodilators, such as prostaglandins and nitric oxygen (endotoxins and the reduced clearance of intestinal bacteria promote the synthesis of nitric oxygen).
The decrease of blood pressure is perceived by baroceptors and triggers a neuro-hormonal response with hydro-saline retention through RAAS activation and increased sympathetic tone, even though the intravascular hypovolemia is associated with interstitial fluid expansion, increased cardiac output and extracellular sodium. Therefore, the dilutional hyponatremia is common in those cirrhotic patients with ascites, as well as decreased natriuresis and increased total sodium pool.
Similarly, the vasoconstriction with renal hypoperfusion lead to hepatorenal syndrome. [49] [50] [51] 
Renal diseases
The nephrotic syndrome is defined by the presence of proteinuria 24 h >3-3.5 g. Several mechanisms are involved in the pathogenesis, in particular the socalled underfilling and overflow, which are present to a certain extent in all patients and vary in different stages of the disease. The underfilling is a chronic intravascular hypovolemia, due to oncotic capillary pressure reduction. Nevertheless, the movement of fluids from the intravascular to the extravascular space Approach to leg edema is mainly due to trans-capillary oncotic pressure gradient. As the plasmatic albumin is progressively reduced by urinary loss, the interstitial albumin also declines, so that the gradient does not significantly change. Therefore, the underfilling mechanism is relevant only with glomerular filtration rate >75% of the normal value and with severe or rapid onset hypoalbuminemia. On the other hand, this mechanism is definitely not the only one involved in patients with decreased renal function by more than a half, hypertension and plasmatic albumin >2 g/dL. In those circumstances, in fact, the hydro-saline retention is responsible for vascular overflow. Two different renal tubular dysfunctions have been identified in experimental models (increased activity of Na+/K+ ATPase pump in collector ducts and resistance to atrial natriuretic peptide). In some renal progressive diseases associated with protein loss, such as membranous nephropathy and focal segmental glomerulosclerosis, there is an inflammatory cells infiltration in the tubular and interstitial space, with vasoactive factors release and hydro-saline retention secondary to tubular dysfunction and hemodynamic glomerular alterations (e.g., angiotensin-related vasoconstriction).
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Conclusions
In conclusion, we can summarize the following: i) edema is a very common condition to face in Internal Medicine (either in A&E, clinic or ward) and it is the clinical presentation of several different pathologies; ii) bilateral leg swelling is often related to systemic diseases (heart, liver and/or renal affections) that should be ruled out; in the remaining cases, the most likely etiology is the venous insufficiency (in the elderly) or idiopathic edema (in young women); iii) in case of rapid onset edema, either mono-or bilateral, vein thrombosis should be investigated in first instance and, if it is not present, the clinical suspicion moves on soft tissues infections; iv) bedside ultrasound is a useful diagnostic technique in localized legs swelling (CUS, lymphedema assessment) and generalized edema (inferior vena cava ultrasound, echocardiography, pleural effusion or ascites evaluation, etc.).
